Background
==========

There is growing interest in Australia in developing clinical indicators to measure the quality of health care \[[@B1],[@B2]\]. As nurses make up more than 50% of the Australian health workforce, \[[@B3]\] it is not surprising that so-called \'nursing-sensitive indicators' have been proposed. These indicators measure the structures, processes and outcomes of nursing care, \[[@B4]\] and the latter of which are defined as "changes in health status upon which nursing care has had a direct influence" \[[@B5],[@B6]\]. Algorithms for detecting nursing-sensitive outcomes in administrative hospital records, have been developed, \[[@B7],[@B8]\] and used to measure the quality of nursing care in North America \[[@B9]-[@B11]\], Europe, \[[@B12]\] New Zealand \[[@B13]\] and Australia \[[@B14]-[@B16]\].

Most of the work in nursing-sensitive outcomes has involved adult patients. Some researchers have included paediatric patients within predominantly adult populations when measuring the quality of nursing care \[[@B17]-[@B19]\], however these nursing-sensitive outcomes have only been validated in adult acute care \[[@B7],[@B8]\], so may not be applicable in the paediatric context. Although paediatric nursing-sensitive indicators \[[@B4],[@B20]\] and generic paediatric outcome indicators have been developed, our previous paper and was one of the first to report algorithms for defining paediatric nursing-sensitive outcomes using linked administrative hospital data \[[@B21]\].

Hospital discharge summaries are useful for research in this field as they commonly include demographic information about the patients as well as standardised coding of their principal diagnosis, comorbid diagnoses, procedures performed and complications that arise during hospitalisation \[[@B22]\]. However, there are many specific challenges in identifying nursing-sensitive outcomes in paediatrics. Children are generally less likely to be admitted to hospital: they are a healthier group with fewer chronic illnesses, and have diverse physiological, psychosocial and developmental stages \[[@B23]\]. Furthermore, unlike the Charlson or Elixhauser Comorbidity scores \[[@B24],[@B25]\] for adults, there is no established paediatric comorbidity classification system.

There are also generic challenges related to the use of administrative hospital records when determining nursing-sensitive outcomes. Most importantly is the challenge of differentiating outcomes due to the patient's premorbid or comorbid state, or other social or environmental factors, rather than nursing care. This challenge has been addressed through the development of complex algorithms that exclude an adverse patient outcome from being considered a nursing-sensitive outcome in the presence of certain comorbid conditions or patient characteristics. These algorithms are usually applied to a single hospital record, so accuracy of nursing-sensitive identification is contingent on the comorbid condition also being coded on that record. However, in our previous work using linked data \[[@B21]\], we found that recording of comorbid conditions was not consistent. For example, we found that 43% of children with pressure ulcers had a form of paralysis recorded on a previous hospital admission, but not on the hospital admission which identified the supposed nursing-sensitive outcome of pressure ulcer \[[@B21]\]. Without the ability to \'look back' at prior hospitalisation records (using linked data), we could have incorrectly identified these adverse events as nursing-sensitive and thus over-estimated the rate of nursing-sensitive pressure ulcers. Building on previous work with nursing-sensitive outcomes in adult patients, \[[@B8]\] generic paediatric quality outcomes \[[@B26],[@B27]\], and incorporating the benefits of linked hospital data, we have proposed 13 possible paediatric nursing-sensitive outcomes and their corresponding inclusion and exclusion algorithms for use with linked administrative hospital data (Table [1](#T1){ref-type="table"}).

###### 

Definitions of paediatric nursing-sensitive outcomes

  **Nursing-sensitive outcome**                                                                                                                                                                                                                                                                                                                                                                         **Numerator**^**a**^                                                                                                                                                                   **Denominator**                                                                                                               **Key exclusions**
  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------
  Lower respiratory tract infection (LRTI)                                                                                                                                                                                                                                                                                        Lower respiratory tract infections, bronchiolitis (ICD^b^ B97.0, B97.4, B97.89, \> = J20.0 and \< =J20.9, J21.0, J21.8, J21.9, J22., J85.1, J85.2, J86.0, J86.9)                                                                                   All medical and surgical inpatients                                                                                                 MDC4-respiratory conditions
  LOS \> =3 days                                                                                                                                                                                                                                                                                                                                                                                           All pneumonias                                                                                                                                                                                                                             
  Gastrointestinal (GI) infection                                                                                                                                                                                                                                                                                                       Rota virus and other GI infections (ICD A02.2, \> = A03.0 and \< = A03.9, \> = A04.0 and \< = A04.9, A08.0, A08.1, A08.2, A08.3, A08.4, A09., A09.9)                                                                                         All medical and surgical inpatients                                                                  Principal diagnoses of volume depletion, disorders of fluid and electrolytes or acid base
  LOS \> =5 days                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  (ICD E86., E87. \> = E87.0 and \< =E87.8)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           
  MDC6-GI system                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  MDC18-infectious and parasitic                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Pneumonia                                                                                                                                                                                                                                                                                                              Aspiration, post-operative, hypostatic, bacterial, broncho and unspecified pneumonias: (ICD \> =J14. and \< =J15.9, J18.0, J18.1, J18.2, J18.8, J18.9, J69.0, J69.8, J95.8, J95.9)                                                                          All medical and surgical inpatients                                                                                                 MDC4-respiratory conditions
  All diagnoses of probable community acquired pneumonia (ICD \> =J10. and \< =J10.8, \> = J11. and \< =J11.8, =J12. and \< =J12.9, J13., J15.7, J16.8, \> = J17. and \< =J17.8)                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Aspiration pneumonia and epilepsy (ICD J69.0, 69.8, \> = G40. and \< =G40.9, \> = G41. and \< =G41.9)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  All diagnoses of epilepsy found in \'look back' period                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Surgical wound infection                                                                                                                                                                                                                                                                                                                  Surgical wounds, including surgery post traumatic injury plus those found in 30 day \'look forward period' (ICD T79.3, T81.4, T81.41, T81.42)                                                                                                  All surgical inpatients                                                                                                                     
  Total discharges only                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Physiologic/metabolic derangement                                                                                                                                                                                                                                                                                                                                        Diabetic hyperosmolarity/acidosis: (ICD \> E10.1, E 10.11, E11.1, E11.11, E15.)                                                                                                                                 All surgical inpatients                                                                                    If principal diagnoses diabetes: (ICD \> =E10 and \< =E14, E15.)
  Principal diagnosis of trauma and burns: (ICD \> =S00. and \< =T32.9)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  Disorders of fluid, electrolytes, acid--base: (ICD E86., \> = E87. and \< =E87.8)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  MDC5 circulatory system, MDC7 hepatobiliary and pancreas, MDC10 endocrine and metabolic disorders, MDC11 kidney and urinary tract                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Shock from a procedure: (ICD T81.1)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
  Anuria/oliguria: (ICD R34.)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  No procedure code                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  If principal diagnosis cardiac arrhythmia/arrest (ICD \> =I46. And \< I50.) or GI haemorrhage (ICD K92., K92.1, K92.2)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              
  Sepsis                                                                                                                                                                                                                                                                                                                                                                         Septicaemia; bacteraemia (ICD \> =A40. and \< A42., A49.9, R78.81)                                                                                                                                  All medical and surgical inpatients                                                                             MDC17-cancer and all diagnosis of cancer in 2 year look back period
  LOS \> =3 days                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Infection related admissions (DRG 2.0-4.2: B72Z, D63A, D63B, D64Z, D66A, D66B, E62A, E62B, E62C, F61Z, G07A, G07B, I64A, I64B, I67A, I67B, J11Z, J64B, L40Z, L41Z, L63C, M62A, M62B, N61Z, S63A, S63B, S64A, S64B, T01A, T01B, T01C, T60A, T60B, T61A, T61B, T64A, T64B)                                                                                                                                                                                                                                                                                                                                                                            
  Look back period for cancer                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  (DRG 5.0-6.0: B72A, B72B, D63A, D63B, D64Z, D66A, D66B, E62A, E62B, E62C, F61Z, G07A, G07B, I64A, I64B, I67A, I67B, J11Z, J64B, L40Z, L41Z, L63A, L63B, L63C, M62A, M62B, N61Z, S64B, S65A, S65B, S65C, T01A, T01B, T01C, T60A, T60B, T61A, T61B, T64A, T64B)                                                                                                                                                                                                                                                                                                                                                                                       
  Postoperative cardiopulmonary complications                                                                                                                                                                                                                                 (ICD \> =I26. and \< = I26.99, I44.2, I46.0, I46.1, I46.9, \> = I50. and \< =I50.9, \> = I97. and \< =I97.9, J80., J81., \> = J95. and \< =J95.4, J95.8, \> = J96. and \< =J96.9, \> = J98.0 and \< =J98.3, R09.2, \> = T80.0 and \< =T80.2, T81.7, T81.72, T82.8, T82.9)                                    All surgical inpatients                                                                                               MDC3-Ear, nose, mouth and throat conditions
  MDC4-respiratory conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  MDC5-circulatory conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Arrest/shock/respiratory failure                                                                                                                                                                                                                                                                                                Arrest (respiratory, cardiac), respiratory failure, shock (ICD I46.0, I46.1, I46.9, J18.2, J80., J81., J95.1, J95.2, J96.0, J96.9, R09.2, \> = R57.0 and \< R58)                                                                                   All medical and surgical inpatients                                                                                                 MDC4-respiratory conditions
  MDC5-circulatory conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         
  Procedures (ACHI 92042--00, 92052--00, 92053--00)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   
  Central nervous system (CNS) complications                                                                                                                                                                                                                                                                           Coma and stupor; acute delirium; reactive confusion; reactive depression (ICD F05.0, F05.8, F05.9, F43.2, F43.9, F44.88, F51., R40.0, R40.1, R40.2, R40.4, R41.0, R41.8, R45.1, R45.4,)                                                                       All medical and surgical inpatients                                                                                                      MDC1-neurological
  MDC19-mental illness                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Age \>6 months                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  MDC20-substance abuse                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               
  MDC21-injuries, poisoning and toxic effects of drugs                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Any procedure of sleep study (ACHI 12203.00)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Central venous line (CVL) infection                                                                                                                                                                                                                                                                                                                      Infection due to central venous catheter as per AHRQ (ICD \> =T80.2 and \< =T80.29, \> = T82.7 and \< = T82.79)                                                                                                           All medical and surgical inpatients                                                                                                        MDC17-cancer
  Weight \< 500gm                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     
  LOS \> =2 days                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  Infectious disease                                                                                                                                                                                                                                                                                                                                                                         Coxsacchie virus (ICD B34.1) and LOS \> =3                                                                                                                                              All medical and surgical inpatients                                                                                                               
  Pertussis (ICD A37.0, A37.1, A37.8 A37.9) and LOS \> =7                                                                                                                                                                                                                                                                                                                             LOS \> =3, 7 or 14 days appropriate to incubation period                                                                                                                                                                                                        
  Other infections (ICD \> =B01, B01.0 and \< =B01.9, \> = B05. and \< =B05.9, B06.0, B06.8, B06.9, B08.4, B15.0 B15.9 \> =B26.0 and \< =B26.9) and LOS \> =14                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        
  Pressure ulcer                                                                                                                                                                                                                                                                                                                                                                                      Pressure ulcer (ICD L89)                                                                                                                                                       All medical and surgical inpatients                               All diagnosis of hemiplegia, paraplegia, paralysis; cerebral palsy; spina bifida. (ICD \> =G80 and \< =G84; \> = Q05. and \< =Q05.9 or \> =Q07. and \< =Q07.03)
  LOS \> =3 days                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  All diagnoses of paralysis found in look back period                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                
  Failure to rescue                                                                                                                                                                                                                                                                                                                                                                                       Died in hospital                                                                                                                                                           All medical and surgical inpatients                                                                                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          Pneumonia, sepsis, arrest/shock/respiratory failure, LRTI as above and GI bleed and DVT/PE                                                                                   

*Note.* ICD = international classification of diseases; LOS = length of stay; MDC = major diagnostic category; ACHI = Australian classification of health interventions; AHRQ = agency for healthcare research and quality; DVT/PE = deep vein thrombosis/pulmonary embolus.

Definitions amended from Needleman et al \[[@B8]\], and McCloskey \[[@B28]\].

^**a**^All numerators are based on secondary diagnosis only except surgical wound infection in look forward period.

^b^ICD codes are all ICD-10-AM (Australian Modified).

The aims of our current study were to determine the rates of paediatric nursing-sensitive outcomes in children admitted to the paediatric tertiary hospital in Perth, Western Australia over a 10 year period, and determine the potential clinical utility of measuring nursing-sensitive outcomes in paediatric hospitals using linked hospital data. In addition, we were interested in determining factors associated with children experiencing any of the adverse events.

Method
======

Study design and patients
-------------------------

A retrospective cohort study included all hospitalisation records for Western Australian (WA) children (≤ 18 years), who were admitted to the tertiary paediatric hospital in Perth (WA) for at least one night, during the 10 year period from July 1999 to June 2009. Each child's hospital record was recorded electronically and was linked to all previous and subsequent electronic hospitalisation records at any public or private hospital in WA (back to 1989 and forward until March 2010) and to the Australian census data, by the Western Australian Data Linkage Branch (WADLB) \[[@B29]\].

Our earlier work used the linked data to develop algorithms for 13 paediatric nursing-sensitive outcomes \[[@B21],[@B30]\]. These algorithms were used to evaluate numerators and denominators for the following outcomes: hospital acquired lower respiratory tract infection other than pneumonia (LRTI); gastrointestinal (GI) infection; pneumonia; sepsis; cardiac/respiratory arrest, shock or respiratory failure; central nervous system (CNS) complication; central venous line (CVL) infection; infectious disease; pressure ulcer; failure to rescue (FTR); surgical wound infection; physiologic/metabolic derangement; and postoperative cardiopulmonary complications. Table [1](#T1){ref-type="table"} provides the criteria for individual paediatric nursing-sensitive outcomes and these algorithms were applied to identify the nursing-sensitive outcomes in this study.

The WA Hospital Morbidity Data (HMD) provided abstracts of demographic and clinical information on all hospital separations from every hospital within WA \[[@B31]\]. Up to 22 diagnoses and 12 procedures are coded for each hospitalisation. Diagnoses were coded using the International Classification of Diseases, Version 10, Australian Modification (ICD-10-AM) \[[@B32]\] and procedures were coded according to the Australian Classification of Health Interventions (ACHI) \[[@B33]\]. Variables for major diagnostic categories (MDC) and Australian Refined Diagnostic Related Groups (AR-DRG) were also provided. The data also included the date, time and ward of every patient's ward movement within the tertiary hospital. The information from the Australian Census data linked to each HMD record included the accessibility and remoteness index (ARIA+) \[[@B34]\] and the socioeconomic status associated with the residential area of the patient (SEIFA) \[[@B35]\].

The quality of data linkage has been assessed by sampling and the estimated percentage of invalid links (false positives) and missed links (false negatives) was 0.11% \[[@B36]\]. Validation studies for the quality of data in administrative health databases have reported the following percentages: \<1% missing demographic information; 87-90% primary diagnoses recorded accurately; \> 90% procedures recorded accurately and the accuracy of records of secondary diagnoses varies \[[@B36],[@B37]\]. Data were received in anonymised files and then merged and analysed in SPSS for Windows (Version 19.0.0.1; 2010 IBM SPSS Chicago, Il, USA). Logical checks, such as checking for duplicate records, that hospital separations occurred after hospital admissions, and that each child's sex, date of birth and ethnicity were the same across databases, were undertaken by the principal researcher during data clean-up. Seventy five records were deleted as they were for adults.

Month and year of birth were provided for each child. Age on admission was calculated and categorised into groups that describe growth, cognitive and psychosocial development (1--28 days = neonate, 29--365 days = infant, \> 1-3 years = toddler, \> 3-6 years = pre-schooler, \> 6-13 years = school-age, \> 13- ≤ 18 years = adolescent) \[[@B38]\]. The risk pool for surgical wound infections, postoperative cardiopulmonary complications and physiologic/metabolic derangement was surgical patients only. This subset contained patients classified as \'surgical' based on AR-DRG codes supplied by WADLB. The remainder of the cohort was classified as \'non-surgical' and contained children coded as \'medical' or \'other'. The number of times each patient moved wards during a hospital admission was calculated.

To determine any associations with socioeconomic status, the Index of Relative Socio-Economic Disadvantage (IRSD) was chosen from the Australian Census data as it best represents residential areas of low income, high unemployment and low levels of education \[[@B35]\]. A lower score indicates the family resides where many households in the area were disadvantaged and a higher score indicates the family resides in an area with the least number of households who were disadvantaged. The geographic measure of remoteness (ARIA+) based on accessibility to service centres along road networks was also used. IRSD and ARIA + are constructed from census data collected every five years, therefore scores from the most recent census preceding the hospital admission were used. The IRSD and ARIA + indices are based on geographic levels with the census Collection District (CD) being the smallest spatial unit in the classification. As the IRSD reflect the area in which the family live and not the individual family, CD is most likely to reflect the actual socioeconomic status of the family. Where a CD was not available for an individual, the index for the Statistical Local Area (SLA) was assigned, which is the next smallest spatial unit in the classification \[[@B39]\]. Once assigned, IRSD and ARIA + were categorised into dichotomous variables; least disadvantaged and most disadvantaged, and city and regional or remote WA resident.

Linked data was used to identify the nursing-sensitive outcomes as described in the background. However, when calculating proportions and rates of the outcomes each hospital separation record was assumed to be an independent event; therefore calculations were based on hospital separations or records rather than patients, as in other studies \[[@B10],[@B14],[@B15],[@B40]\].

Statistical methods
-------------------

Rates per 10,000 patient days and number per 1,000 hospital separations were calculated for each of the 13 paediatric nursing-sensitive outcomes. The risk pool for surgical wound infection, physiologic/metabolic derangement and postoperative cardiopulmonary complications included surgical records only whereas the risk pool for the other outcomes was medical and surgical records.

Differences between characteristics of those that did and did not acquire a nursing-sensitive outcome were analysed using Chi-square tests for categorical data and independent *t* - tests for continuous data. Poisson regression models were used to determine whether there was a significant association between each nursing-sensitive outcome and each of the potential risk factors: age, sex, type of admission, case mix, number of ward movements, season, year of admission, IRSD and ARIA+. Risk factors which had a statistically significant relationship with one or more nursing-sensitive outcomes were subsequently included in multiple regression models.

For each nursing-sensitive outcome, a Poisson multiple regression model was fitted to estimate the rate ratios (RR) and 95% confidence intervals (CI) for age, sex, admission type, case mix, season, year of admission, IRSD and ARIA+. Except for the nursing-sensitive outcome, surgical wound infection, all Poisson regression models included length of stay (LOS) as an offset variable. As the date of surgery was not supplied in the HMD we were unable to calculate a length of stay post-surgery for surgical wound infection. Significance was set at p \< .05.

Ethical considerations
----------------------

The project received approval from the Human Research Ethics Committees of the study hospital and the WA Department of Health. Waiver of consent was granted as the study adhered to the National Health and Medical Research Council's National Statement on Ethical Conduct in Human Research. Permission to use the data for research was granted by the data custodian for each database. Data was de-identified and all personal identifiers were removed before being provided to the researchers. Confidentiality statements were signed by members of the research team. Data files were encrypted when transported and kept securely on a password protected server which was not accessible via the internet consistent with the Practice Code for the use of Personal Health Information \[[@B41]\]. Destruction of the data will adhere to instructions provided in the Australian Government Information Security Manual \[[@B42]\].

Results
=======

Patient characteristics
-----------------------

Of 129,719 hospital separations for 79,016 children, 79% were for emergency admissions and 83% were for medical admissions. The number of hospital separations each year ranged from 12,025 in 2003--04 to 14,476 in 2000--01 with a mean number of 12,972/year. The leading major diagnostic category was respiratory disorders, which accounted for 16% of records. Once admitted, 80% of children remained on the same ward throughout their hospital stay. The median LOS (excluding patients who remained less than 1 night) was 2 days, inter-quartile range (IQR) = 1-4 days.

A total of 1,919 (1.5%) hospital separations recorded one or more nursing-sensitive outcomes over the 10 year period. They were experienced by 1,740 children and represented 2,037 occurrences of nursing-sensitive outcomes. Of the separation records that had a nursing-sensitive outcome, 77% were for emergency admissions, 67% were for medical patients and 18% were for the major diagnostic category of gastrointestinal disorder. Once admitted, 62% remained on the same ward throughout their hospital stay and 20% had one within hospital transfer. The median LOS was 6 days and IQR = 4-11 days. There were statistically significant differences between the proportions with each characteristic of those with and without a nursing-sensitive outcome as shown in Table [2](#T2){ref-type="table"}.

###### 

Characteristics of hospital separation records with and without a nursing-sensitive outcome (NSO) during 10 years (1999--2009)

                                      **Separations without any NSO**   **Separations with any NSO**   ***p*value**^**a**^         
  ---------------------------------- --------------------------------- ------------------------------ --------------------- ------ ---------
  Age group                                                                                                                         \< .001
    1-28 days (neonate)                            5568                             4.4                        82            4.3        
    \> 28 days-1 year (infant)                     21601                            16.9                       513           26.7       
    \> 1-3 years (toddler)                         23422                            18.3                       402           21.0       
    \> 3-6 years (pre-school)                      14620                            11.4                       166           8.7        
    \> 6-13 years (school age)                     41487                            32.5                       501           26.1       
    \> 13- ≤ 18 years (adolescent)                 21102                            16.5                       255           13.3       
  Sex                                                                                                                                .037
    Male                                           72792                            57.0                      1139           59.4       
    Female                                         55008                            43.0                       780           40.7       
  Socioeconomic index (IRSD)^b^                                                                                                     \< .001
    Least disadvantaged                            76584                            61.1                      1031           56.5       
    Most disadvantaged                             46793                            37.9                       794           43.5       
  Residence (ARIA+)^c^                                                                                                              \< .001
    Major city                                    100147                            81.2                      1365           74.8       
    Regional or remote                             23189                            18.8                       460           25.2       
  Admission type                                                                                                                     .006
    Emergency                                     101229                            78.2                      1470           76.6       
    Elective                                       26571                            20.8                       449           23.4       
  Case mix                                                                                                                          \< .001
    Non-surgical                                  106841                            83.6                      1286           67.0       
    Surgical                                       20959                            16.4                       633           33.0       
  Major Diagnostic Category^c^                                                                                                      \< .001
    Respiratory                                    21216                            16.6                       125           6.5        
    Gastrointestinal                               16256                            12.7                       337           17.6       
    Musculoskeletal                                15358                            12.0                       204           10.6       
    Ear, nose, throat & mouth                      13207                            10.3                       119           6.2        
    Neurological                                   10054                            7.9                        217           11.3       
  Season                                                                                                                            \< .001
    Autumn                                         31122                            24.4                       444           23.1       
    Winter                                         34278                            26.8                       575           30.0       
    Spring                                         33955                            26.6                       526           27.4       
    Summer                                         28445                            22.3                       374           19.5       
                                               **Mean (SD)**                                              **Mean (SD)**                 
  Length of stay (LOS)                         4.09 (10.62)                                               11.34 (23.48)             \< .001
  Ward movements                                0.26 (0.64)                                                0.67 (1.20)               .002

Note: Test statistic is Pearson Chi-square for categorical data and *t*-statistic for continuous data.

^a^ Two sided significance reported.

^b^ Data missing therefore does not equal total.

^c^ Only Major Diagnostic Categories with most cases listed.

Rates of nursing-sensitive outcomes
-----------------------------------

There were 113 separation records of the total 129,719 in this study that had more than one nursing-sensitive outcome recorded (0.09%) and there were separation records for 179 children that recorded a nursing-sensitive outcome on more than one separation (0.14%). Table [3](#T3){ref-type="table"} displays the crude (unadjusted) rate of each paediatric nursing-sensitive outcome per 10,000 patient days and the proportion per 1,000 hospital separations. The rate of physiologic and metabolic derangement was greatest at 15.15/10,000 patient days. This was followed by the postoperative cardiopulmonary complications rate of 11.12/10,000 patient days and LRTI and gastrointestinal infections rates of 10.71 and 10.70/10,000 patient days respectively. As proportions of hospital separations, GI infection was 14.01/1,000, surgical wound infection was 10.42/1,000, LRTI was 9.24/1,000 and physiologic and metabolic derangement was 9.07/1,000. Pressure ulcer had the lowest rate at 0.61/10,000 patient days and 0.51/1,000 hospital separations.

###### 

Unadjusted rates for nursing-sensitive outcomes

                                                    **No. of events**   **Total hospital separations**   **No./1000 hospital separations**   **Total patient days**   **Rate/10000 patient days**
  ------------------------------------------------ ------------------- -------------------------------- ----------------------------------- ------------------------ -----------------------------
  LRTI                                                     395                      42732                              9.24                          368835                      10.71
  GI infection                                             342                      24415                              14.01                         319683                      10.70
  Pneumonia                                                337                      102877                             3.28                          436271                      7.72
  Surgical wound infection^a^                              225                      21592                              10.42                       ^\_\_\_b^                   ^\_\_\_b^
  Physiologic/metabolic derangement^a^                     163                      17980                              9.07                          107594                      15.15
  Sepsis                                                   136                      41807                              3.25                          373011                      3.65
  Postoperative cardiopulmonary complications^a^           124                      15322                              8.09                          111468                      11.12
  Arrest/shock/respiratory failure                         94                       106369                             0.88                          447886                      2.10
  CNS complication                                         92                       87926                              1.05                          318889                      2.89
  CVL infection                                            58                       74041                              0.78                          465663                      1.25
  Infectious disease                                       29                       52396                              0.55                          440153                      0.66
  Pressure ulcer                                           25                       49452                              0.51                          412555                      0.61
  Failure to rescue                                        17                       22081                              0.77                          213316                      0.80

*Note.* LRTI = lower respiratory tract infection other than pneumonia; GI = gastrointestinal tract; CNS = central nervous system; CVL = central venous line.

^a^ Risk pool was surgical patients only.

^b^ Result not applicable.

Risk factors for nursing-sensitive outcomes
-------------------------------------------

Table [4](#T4){ref-type="table"} presents the association between patient sociodemographic characteristics and the risk for each paediatric nursing-sensitive outcome. The risk of developing a LRTI was greater with each decreasing age group. Compared to adolescents, the risk for infants was nearly 8 times greater (RR = 7.74, 95% CI 5.11, 11.75). Winter and spring were also associated with greater risk of developing a LRTI compared to summer (RR = 2.02, 95% CI 1.51, 2.72; and RR = 1.54, 95% CI 1.13, 2.10) respectively.

###### 

Association between sociodemographic characteristics of children and risk of paediatric nursing-sensitive outcomes

                                            **LRTI**                **Pneumonia**             **GI infect**              **Sepsis**          **Arrest/shock/resp failure**    **CNS complication**         **CVL infect**
  --------------------------------- ------------------------- ------------------------- ------------------------- ------------------------- ------------------------------- ------------------------- -------------------------
  No. of events                                395                       337                       342                       136                          94                           92                        58
  No. in risk pool                            42732                    102877                     24415                     41807                       106369                        87926                     74041
                                     **Rate ratio (95% CI)**   **Rate ratio (95% CI)**   **Rate ratio (95% CI)**   **Rate ratio (95% CI)**      **Rate ratio (95% CI)**      **Rate ratio (95% CI)**   **Rate ratio (95% CI)**
  Age                                                                                                                                                                                                              
   1-28 days (neonate)                        1.52                      0.46                      0.67                    **0.26**                       1.11                       \_\_\_^a^                   1.02
  (0.84, 2.75)                            (0.21, 1.00)              (0.29, 1.58)            **(0.08, 0.90)**            (0.37, 3.36)                                              (0.35, 3.00)        
   29-365 days (infant)                     **7.74**                  **3.51**                  **6.56**                  **1.95**                     **2.36**                     **0.29**                    0.57
  **(5.11, 11.75)**                     **(2.34, 5.25)**          **(4.17, 10.32)**         **(1.07, 3.57)**          **(1.03, 5.37)**             **(0.09, 0.93)**               (0.20, 1.64)        
   \> 1--3 years (toddler)                  **7.40**                  **4.19**                  **9.89**                  **3.62**                     **5.48**                     **0.31**                    1.95
  **(4.79, 11.45)**                     **(2.78, 6.30)**          **(6.24, 15.69)**         **(1.97, 6.64)**          **(2.57, 11.66)**            **(0.15, 0.65)**               (0.85, 4.46)        
   \> 3--6 years (preschooler)              **5.19**                  **2.38**                  **3.95**                  **2.73**                     **2.63**                     **0.29**                    0.26
  **(3.17, 8.48)**                      **(1.47, 3.87)**          **(2.23, 6.98)**          **(1.34, 5.59)**          **(1.04, 6.65)**             **(0.12, 0.75)**               (0.03, 1.97)        
   \> 6-13 years (school-age)               **2.75**                  **2.18**                  **2.58**                  **2.20**                       1.92                         0.77                      2.01
  **(1.76, 4.29)**                      **(1.47, 3.24)**          **(1.57, 4.23)**          **(1.23, 3.94)**            (0.87, 4.21)                 (0.48, 1.24)                 (0.99, 4.04)        
   \> 13- ≤ 18 years (adolescent)               1                         1                         1                         1                            1                            1                         1
  Sex                                                                                                                                                                                                              
   Male                                       1.11                      1.18                    **1.35**                    1.08                         1.51                         1.11                      1.22
  (0.90, 1.36)                            (0.94, 1.47)            **(1.08, 1.70)**            (0.76, 1.54)              (0.97, 2.34)                 (0.73, 1.69)                 (0.72, 2.05)        
   Female                                       1                         1                         1                         1                            1                            1                         1
  Socioeconomic status (IRSD)                                                                                                                                                                                      
   Least disadvantaged                        1.20                      1.01                      0.86                      0.99                         1.33                         1.16                      0.99
  (0.98, 1.47)                            (0.81, 1.27)              (0.69, 1.08)              (0.70, 1.41)              (0.87, 2.02)                 (0.75, 1.78)                 (0.59, 1.68)        
   Most disadvantaged                           1                         1                         1                         1                            1                            1                         1
  Residence (ARIA+)                                                                                                                                                                                                
   Major city                                 0.72                      0.88                      0.96                      1.34                         0.70                         0.78                      0.74
  (0.56, 1.00)                            (0.68, 1.13)              (0.75, 1.24)              (0.93, 1.94)              (0.41, 1.20)                 (0.48, 1.28)                 (0.59, 1.68)        
   Regional or remote                           1                         1                         1                         1                            1                            1                         1
  Case mix                                                                                                                                                                                                         
   Medical                                    3.01                    **0.70**                  **3.40**                    0.87                       **2.08**                     **3.69**                    0.99
  (2.18, 4.15)                          **(0.55, 0.88)**          **(2.26, 5.11)**            (0.58, 1.31)            **(1.11, 3.88)**             **(1.76, 7.72)**               (0.56, 1.76)        
   Surgical                                     1                         1                         1                         1                            1                            1                         1
  Admission type                                                                                                                                                                                                   
   Emergency                                  1.21                    **0.36**                    1.00                      1.23                         0.98                         0.78                    **0.23**
  (0.91, 1.62)                          **(0.29, 0.46)**            (0.73, 1.37)              (0.77, 1.97)              (0.56, 1.73)                 (0.48, 1.28)               **(0.14, 0.40)**      
   Elective                                     1                         1                         1                         1                            1                            1                         1
  Season                                                                                                                                                                                                           
   Autumn                                     1.00                      1.28                      1.28                      0.87                         0.81                         0.88                      1.68
  (0.94, 1.41)                            (0.90, 1.82)              (0.90, 1.78)              (0.53, 1.45)              (0.41, 1.63)                 (0.48, 1.62)                 (0.81, 3.47)        
   Winter                                   **2.02**                  **1.68**                    1.27                      0.74                         1.64                         1.02                      0.59
  **(1.51, 2.72)**                      **(1.21, 2.34)**            (0.91, 1.77)              (0.45, 1.23)              (0.91, 2.96)                 (0.56, 1.84)                 (0.24, 1.46)        
   Spring                                   **1.54**                  **1.58**                    1.27                      1.07                         1.37                         1.05                      1.53
  **(1.13, 2.10)**                      **(1.13, 2.21)**            (0.90, 1.78)              (0.67, 1.73)              (0.74, 2.55)                 (0.58, 1.92)                 (0.72, 3.25)        
   Summer                                       1                         1                         1                         1                            1                            1                         1

*Note.* Multivariable Poisson generalised linear regression analyses, length of stay as log offset and adjusted for year of admission. LRTI = lower respiratory tract infection other than pneumonia; GI = gastrointestinal tract; CNS = central nervous system; CVL = central venous line; IRSD = index of relative socio-economic disadvantage; ARIA + =geographic measure of remoteness. Results in bold indicate statistical significance at p \< .05. Pressure ulcer, infectious diseases and failure to rescue not included in table as no statistically significant risks on multivariate analysis.

^a^ Neonates not included in risk pool.

Similarly, the risk of developing pneumonia was greater in younger children, with toddlers at greatest risk. The risk of developing pneumonia was 4 times greater in toddlers than adolescents (RR = 4.19, 95% CI 2.78, 6.30). Compared to summer, there was greater risk in winter (RR = 1.68, 95% CI 1.21, 2.34) and spring (RR = 1.58, 95% CI 1.13, 2.21). Medical patients and emergency admissions had lower risks than surgical and elective admissions of developing pneumonia (RR = 0.70 95% CI 0.55, 0.88 and RR = 0.36, 95% CI 0.29, 0.46) respectively.

The risk of developing GI infection was nearly 10 times greater in toddlers than adolescents (RR = 9.89, 95% CI 6.24, 10.32). The risk was also greater in each age group except neonates. Boys and medical patients were at greater risk (RR = 1.35, 95% CI 1.08, 1.70 and RR = 3.40, 95% CI 2.26, 5.11).

Age was the only factor that was significantly associated with a risk of sepsis. Compared to adolescents, neonates were at a lower risk of developing sepsis (RR = 0.26, 95% CI 0.08, 0.90) and the risks were greatest in toddlers (RR = 3.62, 95% CI 1.97, 6.64). The risk of arrest, shock or respiratory failure, was nearly five and a half times greater in toddlers than adolescents (RR = 5.48, 95% CI 2.57, 11.66). There was a greater risk in each age group except for neonates where there was no association found. Compared to surgical patients, medical patients were twice as likely to arrest, develop shock or respiratory failure (RR = 2.08, 95% CI 1.11, 3.88).

Compared to adolescents, there was a lower risk in occurrence of CNS complications in infants, toddlers and pre-schoolers by approximately one third in each category. The risk in medical patients was 3.69 times greater than surgical patients (95% CI 1.76, 7.72). The only factor to be associated with CVL infections was admission type and the risk in emergency admissions was decreased by 20% (RR = 0.23, 95% CI 0.14, 0.40) compared to children who were elective admissions.

There were no statistically significant risk factors identified for outcomes of failure to rescue, pressure ulcer or infectious diseases. Although significant in one or more univariate models, there were no statistically significant associations between IRSD and ARIA + indices and any of the nursing-sensitive outcomes in multiple regression models.

Table [5](#T5){ref-type="table"} presents the RR and 95% CI for three paediatric nursing-sensitive outcomes that used a risk pool restricted to surgical patients. The risk of developing a surgical wound infection was nearly 8 times greater for emergency admissions compared with elective admissions (RR = 7.78, 95% CI 5.10, 11.86) and lower by over 10% in neonates compared with adolescents (RR = 0.87, 95% CI 0.47, 1.62).

###### 

Association between sociodemographic characteristics of children and risk of paediatric nursing-sensitive outcomes in surgical patients

                                     **Surgical wound infection**^**a**^   **Physiologic/metabolic derangement**   **Postoperative cardiopulmonary complications**
  --------------------------------- ------------------------------------- --------------------------------------- -------------------------------------------------
  No. of events                                      225                                    163                                          124
  No. in risk pool                                  21592                                  17980                                        15322
                                               **Rate ratio**                         **Rate ratio**                               **Rate ratio**
  **(95% CI)**                                  **(95% CI)**                           **(95% CI)**               
  Age category                                                                                                                             
   1-28 days (neonate)                              0.87                                 **0.12**                                       0.55
  (0.47, 1.62)                                **(0.04, 0.35)**                         (0.28, 1.07)               
   29-365 days (infant)                             1.33                                 **4.04**                                       1.20
  (0.82, 2.15)                                **(2.32, 7.05)**                         (0.64, 2.25)               
   \> 1--3 years (toddler)                          0.96                                 **2.45**                                     **1.81**
  (0.57, 1.60)                                **(1.22, 4.91)**                       **(1.01, 3.26)**             
   \> 3--6 years (preschooler)                      0.98                                   1.29                                         0.47
  (0.57, 1.68)                                  (0.55, 3.02)                           (0.18, 1.23)               
   \> 6-13 years (school-age)                       0.84                                 **1.95**                                       0.94
  (0.58, 1.23)                                **(1.11, 3.43)**                         (0.57, 1.55)               
   \> 13- ≤ 18 years (adolescent)                     1                                      1                                            1
  Sex                                                                                                                                      
   Male                                             0.77                                 **1.65**                                       1.21
  (0.59, 1.02)                                **(1.17, 2.33)**                         (0.83, 1.76)               
   Female                                             1                                      1                                            1
  Socioeconomic status (IRSD)                                                                                                              
   Least disadvantaged                              1.13                                   0.90                                         0.70
  (0.85, 1.50)                                  (0.65, 1.25)                           (0.48, 1.03)               
   Most disadvantaged                                 1                                      1                                            1
  Residence (ARIA+)                                                                                                                        
   Major city                                       1.19                                   1.06                                         1.00
  (0.87, 1.63)                                  (0.74, 1.52)                           (0.67, 1.50)               
   Regional or remote                                 1                                      1                                            1
  Admission type                                                                                                                           
   Emergency                                      **7.78**                               **3.46**                                     **0.38**
  **(5.10, 11.86)**                           **(2.32, 5.18)**                       **(0.26, 0.55)**             
   Elective                                           1                                      1                                            1
  Season                                                                                                                                   
   Autumn                                           1.14                                   0.74                                         1.02
  (0.77, 1.69)                                  (0.48, 1.15)                           (0.61, 1.73)               
   Winter                                           1.09                                   0.65                                         1.27
  (0.73, 1.64)                                  (0.42, 1.03)                           (0.77, 2.09)               
   Spring                                           1.09                                   0.90                                         0.87
  (0.73, 1.64)                                  (0.58, 1.42)                           (0.50, 1.52)               
   Summer                                             1                                      1                                            1

*Note.* Multivariable Poisson generalised linear regression analyses, length of stay as log offset and adjusted for year of admission. IRSD = index of relative socio-economic disadvantage; ARIA + =geographic measure of remoteness. Results in bold indicate statistical significance at p \< .05.

^a^ Length of stay not used as an offset variable.

Compared to adolescents, the risk of developing physiologic and metabolic derangement was 4.04 times greater in infants (95% CI 2.32, 7.05) and it was also lower in toddlers (RR = 2.45, 95% CI 1.22, 4.91) and school-age children (RR = 1.95, 95% CI 1.11, 3.43). The risk was almost 90% lower in neonates (RR = 0.12, 95% CI 0.04, 0.35). The risk was 1.65 times greater in boys (95% CI 1.17, 2.33) and 3.46 times in children who were emergency admissions (95% CI 2.32, 5.18).

The risk of postoperative cardiopulmonary complications was nearly twice as great in toddlers as adolescents (RR = 1.81, 95% CI 1.01, 3.26), but risks in other age groups did not differ significantly. The risk associated with emergency admission was nearly 60% less than that of elective admission (RR = 0.38, 95% CI 0.26, 0.55). Sex, season, IRSD and ARIA + indices were not statistically significantly associated with any of the surgical nursing-sensitive outcomes.

Discussion
==========

Application of our 13 \'paediatric' nursing-sensitive outcome algorithms \[[@B21]\] identified a limited number of nursing-sensitive outcomes that had more than 100 events over the 10 year period. They were: hospital acquired infections of LRT, GI tract, surgical wounds, sepsis and pneumonia, and physiologic/metabolic derangement and postoperative cardiopulmonary complications. Incidences ranging from 3-14/1,000 hospital separations suggest that they may occur frequently enough to be useful as measures of quality nursing care. The minimum number of events for clinical utility has not been defined to date, however the Canadian Institute for Health Information \[[@B43]\] recommends that a \'cut off' or a minimum number of events for each outcome be discussed with consideration of its value for a meaningful and feasible analysis. Further consideration regarding how to report information when numbers of events are small is also warranted \[[@B43],[@B44]\].

The low incidence rates for arrest/shock/respiratory failure, CNS complications, CVL infection, infectious disease, pressure ulcer and failure to rescue suggest that either the algorithms are not sensitive enough to accurately identify the number of nursing-sensitive outcomes, that there are insufficient numbers of outcomes recorded, or insufficient numbers of outcomes occurred, suggesting the usefulness of these outcomes as quality indicators in paediatric nursing may be questionable. The rates found in this study for pressure ulcer, FTR and infectious disease are lower than those reported in other studies \[[@B40],[@B45]-[@B49]\]. The administrative hospital data used to identify rates of pressure ulcer and FTR in these other studies was not linked when identifying records with nursing-sensitive outcomes of pressure ulcer and FTR which may account for their higher rates; however adjustments were made for comorbidities \[[@B40],[@B45]-[@B48]\]. Since the reporting of rates of hospital acquired infectious diseases in an Australian point prevalence study \[[@B49]\], the national immunisation schedule has increased the range of vaccines freely available to Australians. Consequently, the increased level of immunity has decreased the chances of acquiring infectious diseases both in the community and in hospital. Although a \'cut off' for a minimum number of events has not been stipulated, these studies consistently conclude that there are currently insufficient events in paediatric populations to be clinically useful for measuring quality \[[@B40],[@B50]\].

Five of the seven nursing-sensitive outcomes that could be considered for use, include hospital acquired infections (LRTI, GI infection, pneumonia, sepsis, surgical wound infection). Age was significantly associated with risks of developing these infections except for surgical wound infections. Neonates and infants have immature immune systems and are more prone to infections. However, compared with adolescents, neonates had similar risks of nursing-sensitive infections, but risks were high for infants, and even higher for toddlers. The study hospital accommodates neonates and infants in areas specific to their age, which may increase awareness of their vulnerability and specific needs for infection control precautions. Parents may also be more aware of the vulnerability of young children to infection and do not visit or allow visitors if they have an infection. Infants and neonates are not independently mobile so are confined to cots and their rooms whereas older children are mobile and their movement around ward areas and interaction with other patients and visitors could contribute to their greater risk. In addition, the airway of a child under approximately eight years of age differs anatomically to that of an adolescent or adult. These anatomical differences put neonates, infants, toddlers and pre-schoolers at greater risk of developing LRTI, pneumonia and arrest/shock/respiratory failure as shown in our results. Therefore it is important to consider age when comparing these nursing-sensitive outcomes between agencies or between units. Age was stratified to represent the accepted developmental groups \[[@B38]\] and our results, which report comparisons between groups, are considered to be more useful than comparisons based on annual changes.

Seasonal differences from summer occurred in winter and spring for rates of LRTI and pneumonia. The viruses causing these conditions tend to be more prevalent in the community and increase the chances of infection during these seasons. Accordingly, children's hospital inpatient numbers increase during winter and spring. Further research would be useful to determine if levels of nurse staffing, such as nurse patient ratio or nursing hours per patient day, alter during the busy seasons and whether there is any association with the nursing-sensitive outcomes. Stratton \[[@B50]\] measured five nursing-sensitive outcomes for each quarter and found a significant association between winter and parent/family complaints. Twigg \[[@B15]\] adjusted for season when seeking associations between nurse staffing and nursing-sensitive outcomes in an adult population based on conceptual grounds but did not report whether there were any associations.

An important reason for measuring the quality of nursing care is to identify areas where the care can be improved by implementing evidence informed practices. Where there is evidence of lowering rates of nursing-sensitive outcomes by initiating the same \'bundle of care' or changes in nurses' behaviour related to the bundle of care, consideration can be given to combining results and reporting the rates as a composite indicator. For example, LRTI, GI infection and infectious disease are related to adherence of infection control procedures, a bundle of care, such as hand hygiene, assessment of patient history, patient isolation and family education \[[@B51]\]. Therefore, \'grouping' the results of these nursing-sensitive outcomes may make implementation of practice changes easier and monitoring more straightforward during quality improvement activities. Similarly, rates of sepsis, surgical wound infection, and CVL infection are related to hand hygiene and patient/family education; consequently, these outcomes could be grouped and reported for surgical patients.

As well as providing evidence informed care that is safe and effective, nurses are increasingly accountable to the public for the expenditure of their care \[[@B52],[@B53]\]. Therefore it is necessary to consider the significant difference in the hospital length of stay (LOS) between children who did and did not develop a nursing-sensitive outcome. It is unclear whether the increased LOS occurred as a result of the nursing-sensitive outcome or whether the children developed the nursing-sensitive outcome as a result of being in hospital longer. There was also a significant difference in number of ward movements. Finally, the increased number of ward movements in those who developed a nursing-sensitive outcome may be a result of the nursing-sensitive outcome rather than the ward movements or \'churn' contributing to the outcome \[[@B54]\]. Many of the outcomes measured were infectious so children would need to be moved to an area where they could be isolated from non-infected children or to an intensive care area if the child's airway and respiratory system were compromised. This data was not available.

Using administrative data to measure nursing-sensitive outcomes has both advantages and limitations. Advantages are that the data collection follows national standards and it provides the groundwork for benchmarking and comparisons of rates between the paediatric hospitals in Australia, the data is collected routinely reducing the need to collect information from case records or regular audits which is time consuming and often takes nurses away from providing nursing care \[[@B55]\]. Limitations are that the outcomes measured are not necessarily those that best reflect the quality of nursing care and there may be other patient outcomes that provide this; \[[@B30]\] and the inability to determine whether secondary diagnoses are pre-existing comorbid conditions or complications that occurred during hospitalisation, which increases the likelihood of under or over reporting of outcomes. Under reporting tends to occur when the outcomes have no financial implication for the health service provider \[[@B56],[@B57]\]. The advantages of feasibility, cost saving and having complete longitudinal population data when using administrative health data offsets the limitations and can provide reliable population-based estimates of nursing-sensitive outcomes. These implications of using administrative data have been discussed in our previous work \[[@B21]\].

Limitations
-----------

Firstly, patient's conditions present on admission are not all routinely recorded in the separation abstract of WA HMD. Therefore, the algorithms to identify the nursing-sensitive outcomes remove some children that are at high risk of developing the outcome. As a consequence, application of these algorithms may not provide a true indication of the quality of nursing care. However, if the purpose of measuring the outcomes is for quality improvement or to provide a benchmark, and the same algorithms are used, rates could be comparable.

Secondly, an illness severity score or comorbidity index has not been used in this study. As risk adjustment must be context specific \[[@B58]\] and no paediatric comorbidity index has been validated, identification of comorbid conditions, not identified in algorithms, that increase the risk of a child developing a nursing-sensitive outcome was not undertaken.

Thirdly, although patient hospital records were linked to identify the nursing-sensitive outcomes, each hospital record with any nursing-sensitive outcomes was considered an individual event. There is a chance that the same nursing-sensitive outcome has been counted twice. However, it could be argued that if a child is readmitted with a nursing-sensitive outcome, it should still be counted as a separate outcome as it could be related to inappropriate discharge planning and suboptimal child and family education which are fundamental nursing roles.

Fourthly, we were only able to consider risk factors that are available in the data collected. There may be other factors associated with the quality of care that influence nursing-sensitive outcomes such as processes of care. Structures that influence care such as levels of nurse staffing and experience and education of nurses need to be considered.

Finally, neither ethnicity nor race was included in any models. Although both have been demonstrated to be associated with greater rates of inpatient safety indicators in studies in adult populations \[[@B59]\], associations with poorer health outcomes in paediatric studies have not been demonstrated \[[@B60]\]. If hospital care is equitable, the incidence of nursing-sensitive outcomes should not vary between racial or ethnic groups and this warrants further research. Unfortunately, indigenous status is not a reliable variable in HMD \[[@B61]-[@B63]\] precluding meaningful analysis.

Implications for policy and practice
------------------------------------

There are sufficient numbers of events of some paediatric nursing-sensitive outcomes to make them useful measures of quality of nursing care for quality improvement and to benchmark with other Australian tertiary paediatric hospitals. This information can lead to evidence informed practice as nurses' share their practices and strive to minimise the numbers of adverse patient events. Future research can focus on comparisons with other paediatric hospitals to understand variability in outcome rates. Comparisons with adult hospitals can be undertaken to determine variability with children's hospitals.

To assist in the accurate identification of hospital acquired complications, it is recommended that a \'present on admission' variable be recorded in the separation abstract, as used in California and Canada \[[@B64]\]. Such a variable would eliminate the need for complex algorithms which have the potential of removing children who are at high risk of getting the outcome from the risk pool. Children who are at high risk of getting the outcome are the children we need to be including in the quality improvement exercise.

Risks of developing the nursing-sensitive outcomes investigated tend to decrease as the child gets older. Reporting of nursing-sensitive outcomes should be stratified by developmental age groups to better reflect the areas to target for quality improvement. As well as comorbidities or severity of illness, factors that have not been considered are the levels of nurse staffing and the education levels of nurses. Many studies have shown relationships between rates of nursing-sensitive outcomes and levels of nurse staffing predominantly in adult hospitals \[[@B8],[@B9],[@B11]-[@B15]\] with minimal paediatric studies \[[@B40],[@B50]\]. As paediatric nursing-sensitive outcomes are available, further study of their association with levels of nurse staffing can now be undertaken.

In addition, if nursing-sensitive outcomes are to be used for benchmarking between hospitals, adjusting for hospital characteristics such as bed number, teaching status, number of intensive care beds and case mix needs to be considered. Such adjustments were not required for this study as it was carried out in one children's hospital.

Conclusion
==========

In conclusion, there are adequate numbers of events and incidence for LRTI, GI infection, pneumonia, surgical wound infection, physiologic/metabolic derangement, sepsis and postoperative cardiopulmonary complications for them to be considered useful nursing-sensitive outcomes to contribute to the measurement of quality paediatric nursing care. When used for quality improvement or to benchmark with other agencies, data needs to be adjusted for age or stratified by age to ensure equitable comparisons. Other characteristics that may alter the risks for children developing a nursing--sensitive outcome and require consideration include sex, admission type, whether the admission type is medical or surgical, and season. Ultimately the goal of implementing evidence informed nursing practice should be targeted to groups most at risk of developing a nursing-sensitive outcome.

Competing interests
===================

The authors declare that they have no competing interests.

Authors' contributions
======================

SW conceived the study, secured funding, carried out the study design, data analyses, drafted the manuscript. AB assisted with data analyses, revised manuscript. YH revised manuscript. JF conceived the study, secured funding, assisted with data analyses, revised manuscript. All authors read and approved the final manuscript.

Pre-publication history
=======================

The pre-publication history for this paper can be accessed here:

<http://www.biomedcentral.com/1472-6963/13/396/prepub>

Acknowledgements
================

The authors thank the staff at the Western Australian data linkage branch and the data custodian of the hospital morbidity data system.

The corresponding author was a recipient of a National Health and Medical Research Council (NHMRC) Public Health Postgraduate Research Scholarship which has enabled this study. She was also the recipient of a Lady Court Scholarship funded jointly by the Australian College of Children and Young People's Nurses (ACCYPN) and Princess Margaret Hospital (PMH) Foundation to pay for the services of WA Data Linkage Branch. The NHMRC, ACCYPN and PMH Foundation had no input into the study design or any aspects of the study.
